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(57) ABSTRACT 

There is a problem that in the connection portion between a 
rare-earth-doped double clad ?ber and a single mode ?ber, 
pumping light leaks in a portion having the coating, and the 
?ber generates heat partially With this energy and deterio 
rates. Also, there is another problem that the output is limited 
as the oscillation Wavelength becomes shorter. Accordingly, 
in a laser light source device formed by combining a ?ber 
laser and a ?ber ampli?er, by using the residual pumping light 
in the ?ber laser as the pumping light in the ?ber ampli?er, it 
is possible to enhance the reliability by preventing the ?ber 
deterioration caused by the residual pumping light. Further, 
by amplifying the output in the ?ber ampli?er in the latter 
stage Without any limitation on the pumping light output, it is 
possible to increase an output of the oscillation light. 

15 Claims, 14 Drawing Sheets 
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LASER LIGHT SOURCE DEVICE, IMAGE 
DISPLAY AND ILLUMINATOR 

TECHNICAL FIELD 

The present invention relates to a laser light source device 
formed by combining a ?ber laser and a ?ber ampli?er and to 
an image display and an illuminator utilizing the laser light 
source device. 

BACKGROUND ART 

A ?ber laser light source characterized by its high oscilla 
tion e?iciency, excellent beam quality, capability of employ 
ing air cooling, and simple structure has been attracting atten 
tion recently as a near-infrared laser light source that replaces 
a solid-state laser light source that has been conventionally 
used. 

FIG. 7 shoWs a schematic vieW shoWing the con?guration 
of a typical ?ber laser light source. Laser light emitted from a 
pump LD 101 goes incident on a rare-earth-doped clad pump 
?ber 103, Which is a laser medium, and the laser light oscil 
lates as it is resonated in a laser resonator formed of ?ber 
gratings 102 and 104, Which are re?ection mirrors. 
A polarizer 105 is interposed in order to align polarization 

directions of the oscillated laser light to a single direction. 
The ?ber laser light source has a satisfactory beam quality 

and is also capable of regulating the oscillation Wavelength 
spectrum to a line Width of the re?ection spectrum in the ?ber 
grating 104 on the exit side. The ?ber laser light source is 
therefore extremely suitable as a fundamental light source for 
higher harmonic generation (referred to as a Wavelength con 
version light source) using non-linear optical crystal. 
A second-harmonic generation (SHG) module 108 in FIG. 

7 is a mechanism that generates second harmonics. With the 
use of this mechanism, a second harmonic 107 at tWice the 
fundamental frequency is emitted in the end. 

In addition, With the conventional solid-state laser, the 
oscillation Wavelength of the laser is regulated by laser crystal 
being used. On the contrary, With the ?ber laser, the oscilla 
tion Wavelength is also regulated by a pair of the ?ber gratings 
102 and 104. Hence, although the gain varies With the Wave 
length, the ?ber laser is characterized by the capability of 
changing the oscillation Wavelength arbitrarily. 

Meanwhile, a laser display is attracting attention as an 
application using such higher harmonics of laser light as the 
light source (Wavelength conversion light source) (N on 
Patent Document 1). 

Because the occurrence of unWanted infrared rays and UV 
rays can be suppressed in comparison With a White lamp that 
has been used, poWer consumption can be reduced. More 
over, using a laser makes it possible to collect light ef?ciently, 
Which can in turn enhance light utilization e?iciency. 

In addition, because the laser emits monochromatic light 
and therefore has high color purity in comparison With a case 
Where a light emitting diode is used, it is possible to enhance 
the color reproducibility of the display. In particular, by set 
ting the Wavelength of green light to 520 to 535 nm, it is 
possible to express deeper green. 

FIG. 13 shoWs a color reproduction range for each Wave 
length of green light used in a case Where the Wavelength of 
blue light is 460 nm and the Wavelength of red light is 635 nm 
on the chromaticity diagram. Wavelengths that can be gener 
ated in the case of using a solid-state laser are only tWo 
Wavelengths: 532 nm When a NdzYAG or NdzYVO4 laser is 
used and 527 nm When a NdzYLF laser is used. In particular, 
because YLF is ?uoride crystal and is therefore di?icult to 
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2 
manufacture, a ?ber laser having a broad ?uorescent spec 
trum (Non-Patent Document 2) and capable of choosing the 
oscillation Wavelength Without restriction has shoWn great 
promise. 
As is described in Patent Document 1, because pumping 

light and oscillation light propagate on the same ?ber in the 
?ber laser or the ?ber ampli?er, part of oscillated light 
becomes accidental return light and may possibly damage the 
pump light source. Such being the case, a method of avoid 
ance to remove oscillation light using a lens system and a 
mirror has been discussed. 

Regarding the con?guration of a ?ber ampli?er that ampli 
?es signal light (seed light) by inputting the signal light into a 
rare-earth-doped ?ber together With pumping light, those dis 
closed in Patent Document 1 and Patent Document 2 are 
typical. It is also possible to amplify signal light generated in 
an oscillator using a ?ber ampli?er by combining the laser 
?ber and the ?ber ampli?er. 

It is preferable for the green light source in the laser display 
to have a Wavelength of 525 nm to 510 nm in terms of the 
color reproduction range. HoWever, in a case Where the Wave 
length conversion light source employing the ?ber laser as the 
fundamental light source is used, the operation of the laser 
resonator (oscillation) becomes unstable because there is 
absorption of light at 1075 nm or shorter, Which is the funda 
mental harmonic Within the Wavelength range speci?ed 
above, in the rare-earth-doped ?ber, Which is a laser medium. 
This makes it impossible to extend the ?ber length, Which is 
an interaction length. This phenomenon becomes noticeable 
in a polarization maintaining ?ber, such as a PANDA (Polar 
ization-maintaining AND Ab sorption-reducing) ?ber, used to 
obtain linearly polarized light that is essential in the case of 
the Wavelength conversion light source. 

Meanwhile, it is necessary to increase the pumping light in 
order to increase an output of laser light. HoWever, depending 
on the Wavelength of the pumping light, the pumping light 
that Was not absorbed in the rare-earth-doped ?ber, Which is a 
laser medium, causes a problem that the ?ber deteriorates. 
The mechanism of deterioration Will be shoWn using FIG. 8. 

FIG. 8 shoWs a fusion spliced portion 210 betWeen a rare 
earth-doped double clad polarization maintaining ?ber and a 
typical single mode polarization maintaining ?ber. The 
double clad polarization maintaining ?ber is of a structure 
that alloWs light to propagate through an inner clad 203 While 
residual pumping light 208 is con?ned Within an outer clad 
202. 
On the other hand, after it is connected to the single mode 

polarization maintaining ?ber, air serves as the clad and the 
residual pumping light 208 is con?ned in a portion Where a 
coating 207 is absent on the single mode polarization main 
taining ?ber. HoWever, the pumping light leaks in a portion 
Where the coating 207 is present. With this energy, the single 
mode polarization maintaining ?ber partially generates heat 
(for example, heat generation portions 209) and thus deterio 
rates. 

In this instance, assume that the pumping light is at poWer 
of 10 W, then an absorption amount of the double clad polar 
ization maintaining ?ber doped WithYb as a rare earth is 0.6 
dB/m. Hence, 7.5 W of the pumping light is absorbed over the 
?ber length of 10 m. Accordingly, 2.5 W oflight at 915 nm is 
irradiated as the residual pumping light and propagates 
through the clad of the single mode polarization maintaining 
?ber. 

With the conventional con?guration shoWn in FIG. 7, in a 
case Where pumping is performed With 15 W of pumping light 
(915 nm) so that an output ofoscillated light at 1064 nm is 6.8 
W, the fusion spliced portion 110 and the primary coat (coat 
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ing) on the single mode polarization maintaining ?ber 112 
overheat after 20 minutes since the continuous operation 
started and the ?ber deteriorates. 

FIG. 9 is a plot diagram shoWing the relation betWeen the 
?ber length of anYb-doped double clad ?ber, Which is a laser 
medium, and the residual pumping light With the poWer of the 
pumping light as a parameter. It is knoWn from the examina 
tions in the past that the ?ber deteriorates When the residual 
pumping light exceeds 3.5 to 4 W. It is understood from FIG. 
9 that it is necessary to make the pumping light smaller in a 
case Where the ?ber length has to be shortened due to an 
intrinsic loss of the ?ber. More speci?cally, a possible output 
is naturally limited at the Wavelength of 1050 nm or 1030 nm 
at Which the loss in the ?ber is signi?cant. 

In a case Where light is oscillated at 1070 nm or longer, 
Which is the Wavelength at Which oscillated light is not 
absorbed into the ?ber, overheating of the ?ber can be pre 
vented by extending the rare-earth-doped double clad polar 
ization maintaining ?ber. However, at the Wavelength, such as 
1060 nm and 1050 nm, at Which green can be produced 
through Wavelength conversion, it is knoWn that extending 
the length of the rare-earth-doped double clad polarization 
maintaining ?ber makes a considerable loss resulting from 
?ber absorption, Which raises problems that the oscillation 
becomes unstable and the light fails to oscillate at a desired 
Wavelength. The intensity of pumping light to avoid overheat 
ing of the ?ber is therefore determined naturally. Limitation is 
thus imposed on the maximum output. 

FIG. 10 shoWs the absorption spectrum of the rare-earth 
doped double clad ?ber doped With about 1000 ppm of Yb as 
a rare earth, and a conventional example of the method for 
eliminating such a phenomenon Will noW be described. 
A laser diode (LD) With the Wavelength in the neighbor 

hood of 915 nm or a laser diode With the Wavelength in the 
neighborhood of 976 nm can be used as the pumping light. In 
this instance, an absorption amount of the ?ber for 915-nm 
light is about 0.6 dB/m Whereas an amount of the ?ber for 
976-nm light increases by three times to about 1.8 dB/m. 
Hence, using 976-nm light is thought to eliminate deteriora 
tion of the ?ber. 

HoWever, the shape of the absorption peak is steep in the 
neighborhood of 976 nm and broad in the neighborhood of 
915 nm. Accordingly, it is more stable to use a 915-nm band 
(900 to 950 nm) against a Wavelength ?uctuation of the pump 
ing light caused by a temperature change of the pumping light 
LD or the like, and the cooling mechanism of the LD can be 
simpli?ed. The device costs and poWer consumption can be 
consequently reduced. As has been described, it has been 
dif?cult to achieve the temperature stability of the ?ber laser 
device and to obtain linearly polarized light at 1070 nm or 
shorter having poWer of 10 W or higher using the ?ber laser at 
the same time. 

Meanwhile, as a totally another technique, there is a tech 
nique knoWn as a ?ber ampli?er that ampli?es an output of 
signal light by inputting the signal light and pumping light 
into the rare-earth-doped double clad polarization maintain 
ing ?ber. FIG. 11 shoWs the con?guration of this conventional 
technique. 

Semiconductor laser light or a ?ber laser of the single mode 
can be used as the signal light. FIG. 11 shoWs a case Where a 
?ber laser is used as the signal light and a description Will be 
given on the basis of this draWing. 
As is shoWn in FIG. 11, a laser light source of this conven 

tional example includes a ?ber laser portion and a ?ber ampli 
?er portion. 

The ?ber laser portion is formed of a ?ber laser pump LD 
(laser diode) 101 and a laser resonator. The laser resonator is 
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4 
formed of an Yb-doped clad pump ?ber 103, a ?ber grating 
102, a ?ber grating 104, and a polarizer 105. The Yb-doped 
clad pump ?ber 103 and the ?ber grating 102 are made of a 
double clad ?ber and the ?ber grating 104 and the polarizer 
105 are made of a single mode ?ber. 
The ?ber ampli?er portion is formed of a ?ber ampli?er 

pump LD 501, anYb-doped double clad ?ber 503, and a pump 
combiner 502. The pump combiner 502 is made by integrat 
ing a single mode ?ber 504 to input signal light With a multi 
mode ?ber 505 to input pumping light. The ?ber ampli?er 
portion is made of a double clad ?ber. 

Signal light generated in the ?ber laser portion is ampli?ed 
in the ?ber ampli?er portion in the latter stage. 

In the con?guration of this conventional example, hoW 
ever, not only is it necessary to prepare the ?ber laser pump 
laser diode 101 and the ?ber ampli?er pump laser diode 501 
separately, but it is also necessary to prepare the pump com 
biner 502 formed by integrating the single mode ?ber 504 
With the multi-mode ?ber 505. The material costs are 
increased because of these tWo factors. 

Moreover, because points at Which the ?ber is fusion 
spliced are increased, there is a draWback that the device 
becomes less reliable. 

In addition, depending on the oscillation Wavelength, sig 
nal light that can be generated in the ?ber laser portion fails to 
achieve satisfactory intensity. This raises a need to adopt a 
multi-stage con?guration by connecting more than one ?ber 
ampli?er portion in series, and thereby poses a problem that 
the material costs are increased. 

Further, the optimal ?ber length of the Yb-doped ?ber 
varies With the Wavelength. The ?ber length of theYb-doped 
?ber is determined so that light-to -light conversion ef?ciency, 
Which is found by dividing the output of generated light by 
input poWer of the pumping light inputted, reaches the maxi 
mum. 

FIG. 12 shoWs the relation betWeen the ?ber length and the 
light-to-light conversion in a case Where a polarization main 
taining ?ber is used at the generation Wavelength of 1064 nm. 
In this case, the optimal ?ber length is 17 to 18 m. The optimal 
value actually varies slightly due to a fusion loss or the like. 
HoWever, it can take the maximal value of the conversion 
ef?ciency by varying the ?ber length. The ?ber length at 
Which the light-to-light conversion takes the maximal value 
tends to become shorter as the oscillation Wavelength 
becomes shorter. Hence, the pumping light has to be 
decreased as the oscillation Wavelength becomes shorter, 
Which makes it dif?cult to achieve a high output. This ten 
dency is noticeable With the polarization maintaining ?ber 
and the ?ber length is about half the Yb-doped ?ber length 
used in a single mode ?ber for normal random polarization. 
As has been described, the ?ber laser and the ?ber ampli?er 

of the conventional con?guration in FIG. 11 is available for 
laboratory use but is not readily applied to industrial and 
commercial use. 

Patent Document 1: Japanese Patent No. 3012034 
Patent Document 2: JP-A-2-43782 
Non-Patent Document 1: Japanese Journal of Applied Phys 

ics, Vol. 43, No. 8B, 2004, pp.5904-5906 
Non-Patent Document 2: Rare-earZh-doped Fiber lasers and 

amplifiers, (Marcel Dekker, Inc. 2001), p.145, FIG. 10 

DISCLOSURE OF THE INVENTION 

An object of the invention is to provide a laser light source 
device having high reliability against ?ber deterioration 
caused by residual pumping light and capable of increasing 
an output of oscillation light. 
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A laser light source device according to one aspect of the 
invention includes: a ?ber laser portion having a ?rst double 
clad ?ber doped With a rare earth as a laser active substance, 
a second double clad ?ber in Which is formed a pair of ?ber 
gratings to determine an oscillation Wavelength of the ?rst 
double clad ?ber, and a laser light source emitting pumping 
light to the ?rst double clad ?ber to pump the ?rst double clad 
?ber; a ?ber ampli?er portion formed of a double clad ?ber 
doped With a rare earth as a laser active substance and ampli 
fying oscillation light of the ?ber laser portion; and a Wave 
length conversion module converting the oscillation light 
ampli?ed by the ?ber ampli?er portion to higher harmonics. 
The ?ber laser portion pumps the ?ber ampli?er portion by 
emitting to the ?ber ampli?er portion the pumping light 
remaining in the ?rst double clad ?ber on Which the pumping 
light of the laser light source has been incident. 

In the laser light source device described above, because 
the residual pumping light in the ?ber laser portion is used as 
the pump light source in the ?ber ampli?er portion, it is 
possible to prevent deterioration of the ?ber that raises a 
problem When generating light at a high output. Further, the 
output can be enhanced further Without having to additionally 
provide a pump light source for the ?ber ampli?er portion. It 
is thus possible to obtain a su?icient output as the light source 
applied to an image display using a laser. Accordingly, an 
image display using this light source is capable of Widening 
the color reproduction range in comparison With a conven 
tional solid-state laser. 

Further, laser light in a 915-nm band in Which the absorp 
tion spectrum of the rare-earth ?ber is broad can be used as 
pumping light in the ?ber laser portion. Accordingly, the need 
to accurately control the temperature of the pump laser is 
eliminated and a Peltier element can be omitted. PoWer con 
sumption can be therefore reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW shoWing the con?guration of a 
laser light source device according to a ?rst embodiment of 
the invention. 

FIG. 2 is a plot diagram shoWing the output characteristic 
of 1050-nm light of the laser light source device according to 
the ?rst embodiment of the invention. 

FIG. 3A is a vieW shoWing the spectrum of light generated 
in the laser light source device according to the ?rst embodi 
ment of the invention (a polariZer is absent), and FIG. 3B is a 
vieW shoWing the spectrum of light generated in the laser light 
source device according to the ?rst embodiment of the inven 
tion (after the polariZer is interposed). 

FIG. 4 is a plot diagram shoWing the output characteristic 
of 1030-nm light of a laser light source device according to a 
second embodiment of the invention. 

FIG. 5 is a schematic vieW shoWing an example of an image 
display using the laser light source device of the invention. 

FIG. 6A is a vieW shoWing an example of a liquid crystal 
display using the laser light source device of the invention, 
and FIG. 6B is a schematic vieW shoWing an example of a 
light source in an ornament illuminator using the laser light 
source device of the invention. 

FIG. 7 is a vieW schematically shoWing the con?guration of 
a ?ber laser light source combined With a conventional sec 
ond harmonic generator. 

FIG. 8 is a schematic vieW of a connection portion betWeen 
a double clad polariZation maintaining ?ber and a single 
mode polariZation maintaining ?ber. 
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6 
FIG. 9 is a vieW shoWing the relation betWeen anYb-doped 

?ber length and residual pumping light With pumping light 
poWer as a parameter. 

FIG. 10 is a plot diagram shoWing the absorption spectrum 
of an Yb-doped double clad ?ber. 

FIG. 11 is a vieW schematically shoWing the con?guration 
of a conventional example of a laser light source formed by 
combining a ?ber laser and a ?ber ampli?er. 

FIG. 12 is a plot diagram shoWing the relation betWeen the 
Yb-doped ?ber length and light-to-light conversion e?i 
ciency (at generation of 1064-nm light). 

FIG. 13 is a chromaticity diagram shoWing the relation 
betWeen the color reproduction range of the S-RGB standards 
and the color reproduction range for each Wavelength used as 
green light. 

FIG. 14 is a schematic vieW shoWing the con?guration of 
the laser light source device of the invention in Which tWo 
pump LDs are applied in the ?ber laser portion. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, embodiments of the invention Will be 
described With reference to the draWings. Like components 
are labeled With like reference numerals and a description of 
those labeled With the same reference numerals in the draW 
ing may be omitted Where appropriate. 

First Embodiment 

A ?rst embodiment of the invention is a case Where a ?ber 
laser and a ?ber ampli?er both using a polarization maintain 
ing ?ber are combined. 

FIG. 1 shoWs the con?guration of a laser light source 
device according to the ?rst embodiment of the invention. 
Referring to FIG. 1, the laser light source device of this 
embodiment includes a ?ber laser portion and a ?ber ampli 
?er portion. The ?ber laser portion includes a pump LD 101, 
a ?ber grating 102, an Yb-doped double clad polariZation 
maintaining ?ber 103, a ?ber grating 104, and a polariZer 105. 
The ?ber ampli?er portion includes anYb-doped double clad 
polariZation maintaining ?ber 503. Both the ?ber laser por 
tion and the ?ber ampli?er portion are made of a double clad 
polariZation maintaining ?ber. Signal light generated in the 
?ber laser portion is ampli?ed in the ?ber ampli?er portion. 
The laser light source device of this embodiment is connected 
to a second-harmonic generation (SHG) module 108 via an 
oscillation light propagation ?ber 106. 

In the ?ber laserpor‘tion, the double cladpolariZation main 
taining ?ber 103 (the ?ber length is 10 m in the case of this 
embodiment) doped WithYb as a rare earth in the core portion 
thereof is pumped by the pump LD 101 and laser light is 
oscillated in a resonator formed of a pair of the ?ber gratings 
102 and 104. 

In the case of this embodiment, a single emitter laser diode 
(maximum output is 12 W) With the oscillation Wavelength of 
915 nm is used as the pump LD 101. 

In the ?ber grating 102, a grating is formed after sensitivity 
to UV light is enhanced by adding germanium in the core 
portion of the double clad polariZation maintaining ?ber. 
Characteristics of the ?ber grating 102 are that the center 
Wavelength is 1050 nm, the re?ection spectrum half value 
Width is 1 nm, and the re?ection ratio is 98%. 

Likewise, the ?ber grating 104 is formed of a double clad 
polariZation maintaining ?ber (the core diameter is 6 pm and 
the clad outside diameter is 125 um) also doped With germa 
nium in the core portion thereof, and the one used herein has 
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the center Wavelength of 1050.1 nm, the re?ection spectrum 
half value Width of 0.09 nm, and the re?ection ratio of 10%. 

In the laser light source device of this embodiment, by 
manufacturing the ?ber grating 104 having the conditions 
speci?ed above by Way of example in the double clad polar 
ization maintaining ?ber, it is possible to use the residual 
pumping light as the pump source of the ?ber ampli?er por 
tion in the latter stage. Hereinafter, a description Will be given 
in this point. 

Conventionally, the residual pumping light causes ?ber 
deterioration that becomes a problem When generating light 
at a high output for a display or the like. 

Accordingly, an attempt Was made to increase an absorp 
tion amount of the residual pumping light by extending the 
length of the rare-earth-doped double clad polarization main 
taining ?ber by increasing the re?ection ratio of the ?ber 
grating 104. There is, hoWever, a limit to the improvement of 
the characteristics and this attempt cannot be deemed as an 
effective measure. 

In addition, it is important to narroW the band When used 
for the Wavelength conversion. HoWever, increasing the 
re?ection ratio of the ?ber grating 104 raises another problem 
rather than a resolution that it becomes di?icult to narroW the 
band of the ?ber grating 104. 

Under these circumstances, the laser light source device of 
this embodiment is capable of preventing the ?ber deteriora 
tion described above by using the residual pumping light in 
the ?ber laser portion as the pump light source in the ?ber 
ampli?er portion. 

Further, in the laser light source device of this embodiment, 
by using the residual pumping light in the ?ber laser portion 
as the pump light source in the ?ber ampli?er portion, it is 
possible to eliminate the need for the pump light source in the 
?ber ampli?er portion, Which can in turn reduce the manu 
facturing costs. 

The oscillation light is introduced into the SHG module 
108 by the oscillation light propagation ?ber 106 through 
Which is propagated the oscillated light in the neighborhood 
of 1050 nm, and light at 525 nm is generated through the 
second harmonic generation. 
The effect of preventing ?ber deterioration in the laser light 

source device of this embodiment Will noW be described more 
in detail. 

In the case of the conventional con?guration of FIG. 7, the 
connection portion 110 connecting the rare-earth-doped 
double clad polarization maintaining ?ber 11 1 and the typical 
single mode polarization maintaining ?ber 112 is present 
betWeen the Yb-doped clad pump ?ber 103 and the polarizer 
105. This con?guration causes deterioration of the connec 
tion portion 1 10 and the single mode polarization maintaining 
?ber 112. 
On the contrary, in the laser light source device of this 

embodiment, a portion of the single mode polarization main 
taining ?ber that is not a double clad is eliminated and both 
the ?ber laser portion and the ?ber ampli?er portion are made 
of a double clad polarization maintaining ?ber. It is thus 
possible to use the fundamental harmonic (Wavelength is 915 
nm) remaining in the ?ber laser portion as the pumping light 
in the ?ber ampli?er portion in the latter stage. 

In this instance, assume that the pumping light is at poWer 
of 30 W, then an absorption amount of the pumping light is 0.6 
dB/m With the ?ber used herein (PM-YDF 5/ 130 available 
from nufem Inc.), Which is a double clad polarization main 
taining ?ber doped WithYb as a rare earth. Accordingly, 22.5 
W of the pumping light is absorbed over the ?ber length of 10 
m and 7.5 W of light at 915 nm is irradiated as the residual 
pumping light so as to propagate through the single mode 
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8 
clad. With the conventional con?guration shoWn in FIG. 7, in 
a case Where the pumping is performed With the pumping 
light (915 nm) at the poWer of 20 W and an output of oscil 
lation light at 1050 nm is 9 W, the connection portion 110 and 
the primary coat (coating) on the single mode polarization 
maintaining ?ber 112 overheats after 20 minutes since the 
continuous operation started and the ?ber deteriorates. 
On the contrary, the coating does not overheat even When 

the laser light source device of this embodiment is operated 
continuously for 20 hours or more. It is therefore understood 
that the reliability and the output can be enhanced. 

Moreover, because the pumping light at larger poWer can 
be pumped and the output can be ampli?ed, not only is it 
possible to increase an output at 1050 nm, but it is also 
possible to increase an output of green light as a result of 
Wavelength conversion from this output. 

In addition, in the conventional con?guration in FIG. 7, 
When the ?ber laser portion stops While the ?ber ampli?er 
portion is pumped, abnormal oscillation occurs in the ?ber 
ampli?erportion, and there is a risk that the ?ber laser portion 
is broken by this abnormal oscillation. On the contrary, the 
laser light source device of this embodiment adopts the con 
?guration in Which the Yb-doped clad ?ber 103 in the ?ber 
laser portion is pumped by the pump LD 101 and the Yb 
doped clad ?ber 503 in the ?ber ampli?er portion is pumped 
by the residual pumping light. Hence, there occurs no phe 
nomenon that the ?ber ampli?er portion alone is pumped. It is 
thus possible to prevent breaking of the ?ber laser portion by 
abnormal oscillation in the ?ber ampli?er described above. 
The SHG module 108 that outputs green light through 

Wavelength conversion of output light from the laser light 
source device of this embodiment Will noW be described. The 
con?guration of the SHG module 108 in a case Where an 
Yb-doped ?ber laser having the oscillation Wavelength of 
1050 nm is used as the fundamental harmonic light source 
Will be described. 

In the SHG module 108, When infrared light (parallel 
beams: beam diameter is 760 pm) is emitted from the laser 
light source device of this embodiment through the oscillation 
light propagation ?ber 106, it is collected into a Wavelength 
conversion element by a collective lens (f:30 mm). In this 
instance, a MgO-doped lithium niobate element provided 
With a periodic polarization inverting structure is used as the 
Wavelength conversion element. The polarization inverting 
period of the Wavelength conversion element in this instance 
is 6.69 pm. The polarization inverting element is ?xed to a 
metal plate and the temperature thereof is controlled at about 
250 C. by a Peltier element. 

Green light at 525 nm can be obtained by separating the 
second harmonic (green light) generated from the polariza 
tion inverting element to the fundamental harmonic (w) and 
the second harmonic (200) using a Wavelength separation 
?lter. The periodic polarization inverting MgO-doped lithium 
niobate element is used herein because it has a large effective 
non-linear optical constant of about 15 pm/V and large Wave 
length conversion e?iciency from infrared light to green light. 
Beside this element, lithium tantalate, MgO-doped lithium 
tantalite, potassium titanyl phosphate (KTP: KTiPO4), and so 
forth are available as Well. Borate-based crystal, such as 
lithium tetraborate, is also available. HoWever, the environ 
ment has to be controlled strictly because it has a small 
effective non-linear optical constant and many have a prop 
erty of reacting With the moisture in air. 

FIG. 2 shoWs output characteristics of output light having 
a Wavelength of 1050 nm from the laser light source device of 
this embodiment. In the con?guration of this embodiment, 
the ?ber length of the Yb-doped ?ber 103 in the ?ber laser 












